Defining amino acid residues involved in DNA-protein interactions and revelation of 3'-exonuclease activity in endonuclease V.
Endonuclease V is an enzyme that initiates a conserved DNA repair pathway by making an endonucleolytic incision at the 3' side one nucleotide from a deaminated base lesion. Site-directed mutagenesis analysis was conducted at seven conserved motifs of the thermostable Thermotoga maritima endonuclease V to probe for residues that affect DNA-protein interactions. Y80, G83, and L85 in motif III, H116 and G121 in motif IV, A138 in motif V, and S182 in motif VI affect binding of both the double-stranded inosine-containing DNA substrate and the nicked double-stranded inosine-containing DNA product, resulting in multiple enzymatic turnovers. The substantially reduced DNA cleavage activity observed in G113 in motif IV and G136 in motif V can be partly attributed to their defect in metal cofactor coordination. Alanine substitution at amino acid 118 primarily reduces the level of binding to the nicked product, suggesting that R118 plays a significant role in postcleavage DNA-protein interaction. Binding and cleavage analyses of multiple mutants at positions Y80 and H116 underscore the role these residues play in protein-DNA interaction and implicate their potential involvement as a hydrogen bond donor in recognition of deaminated DNA bases. DNA cleavage analysis using mutants defective in DNA binding reveals a novel 3'-exonuclease activity in endonuclease V. An alternative model is proposed that entails lesion specific cleavage and endonuclease to 3'-exonuclease mode switch by endonuclease V for removal of deaminated base lesions during endonuclease V-mediated repair.